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Cross-Reference to Related Applications 
[0001] The present application claims priority to U.S. Provisional Application Serial 

No. 60/400,357, filed July 31, 2002, entitled "A Noise Reduction System for Use in Audio 
Communications Systems," hereby incorporated by reference. 

Statement Regarding Federally Sponsored Research or Development 
[0002] The U.S. Government has a paid-up license in this invention and the 

right in limited circumstances to require the patent owner to license others on reasonable 
terms as provided for by the terms of Grant No. R01 01640 awarded by National Institutes of 
Health — National Institute on Deafness and Other Communication Disorders. 

Background Of The Invention 

1. Field of Invention 

[0003] The present invention relates to the reduction of noise in signals and, more 

particularly, to a system and method for reducing noise in a wideband signal with fluctuating 
amplitude. 

2. Description of Prior Art 

[0004] Traditional noise reduction systems use filters, such as the Wiener filter, to 

remove undesirable noise from signals. Systems such as this depend on prior knowledge of 
the properties of the noise, however, and are ineffective when the noise varies or is 
indeterminate. These systems depend on stationarity in the noise to perform optimally and 
are less effective when the noise has fluctuation in amplitude. 

[0005] Some systems, such as the Kalman filter, depend on a running estimate of the 

properties of the noise and use a time-varying filter to optimize the signal-to-noise (SNR) 



907003.1 7/31/2003 



ratio. These systems, however, require sophisticated modeling of the noise and complex 
algorithms. 

[0006] Other noise reduction systems use spectral subtraction, which involves an 

estimation of the magnitude spectrum of the background noise and then a subtraction from the 
magnitude spectrum of the contaminated signal. The background noise is usually estimated 
during noise-only sections of the signal. Such an approach can remove background noise but 
the remaining signal tends to have artifacts that are the result of isolated spectral components 
that are not completely removed during the subtraction process. Spectral subtraction also 
requires an estimate of the noise spectrum during a noise-only portion of the signal and its 
performance is therefore dependent on the static nature of the noise over time. 
3. Objects and Advantages 

[0007] It is a principal object and advantage of the present invention to provide a 

system and method for reducing noise in a wideband signal, such as speech, having 
fluctuating characteristics, such as amplitude. 

[0008] It is an additional object and advantage of the present invention to provide a 

system and method for reducing noise that does not require knowledge of the properties of the 
noise. 

[0009] It is a further object and advantage of the present invention to provide a system 

and method for reducing noise that does not require knowledge of the properties of the signal. 
[0010] Other objects and advantages of the present invention will in part be obvious, 

and in part appear hereinafter. 

Summary Of The Invention 
[0011] The present invention comprises a system for reducing noise in a wideband 

signal using a bank of signal detectors that sets the gains for a second bank of filters that 
attenuate noise. Frequency bands in which a signal is detected are preserved or amplified 

-2- 

^ 907003.1 7/31/2003 



while frequency bands in which no signal is detected are attenuated. Signal detection is 
accomplished by a detection system comprising a series of bandpass filters, followed by 
saturating non-linearities and running cross-correlators that cross-compare pairs of filters in 
the filterbank that are 180-degrees out of phase with each other at predetermined frequencies. 
The frequency resolution of the detection process is determined by the distribution of these 
detectors along the frequency axis. 

[0012] The results of the running cross-correlation determine which frequency bands 

receive attenuation and which do not. Relatively low value cross-correlations indicate that a 
non-noise signal is present in a given frequency band and high value cross-correlations 
indicate that only noise is present. Using these results, the wideband signal is filtered by a 
second filterbank having gains set to a high value when the cross-correlator returns a low 
value, and gains that are set to a low value when the cross-correlator returns a high value. 
The outputs from the second filter banks are then used to synthesize the noise-reduced signal. 

Brief Description Of The Drawings 
[0013] Fig. 1 is a schematic of a noise reduction system according to the present 

invention. 

[0014] Fig. 2 is a schematic of the signal detectors according to the present invention. 

[0015] Fig. 3 is a graph of the magnitudes and phases of the transfer functions of two 

filters selected according to the present invention to determine whether a 900-Hz frequency 
signal is presence in the wideband input. 

Detailed Description 
[0016] Referring now to the Figures, wherein like numerals refer to like parts are 

throughout, there is seen in Fig. 1 a high-level illustration of a system 10 for reducing noise of 
indeterminate characteristics from a wideband audio signal input 12, such as speech. 
Wideband signal 12 is input to a bank of phase-opponency detectors 14. One phase- 
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opponency detector 14 is required for each desired frequency channel in system 10. The 
time- varying output of each detector 14 sets the gain 18 in the corresponding frequency 
channel of the analysis-synthesis filterbank 16. Any "perfect reconstruction filterbank" 
algorithm can be used for the analysis-synthesis filterbank 16. 

[0017] As seen in more detail in Fig. 2, phase-opponency detectors 14 comprise a 

filterbank 20 into which signal 12 is input. Although filterbank 20 is depicted as a linear 
gammatone filterbank, any bandpass filters may be used for filterbank 20. The bandwidth of 
the filters in filterbank 20 can be varied or held constant as a function of frequency. 
[0018] The spacing of the frequencies of the filters in filterbank 20 is chosen to create 

"phase opponency;" i.e., the frequencies are selected so that predetermined pairs of filters are 
180-degree out of phase with each other at a predetermined narrowband frequency, referred to 
as the phase-opponency frequency. The numbers of filters used in filterbank 20, and the 
spacing between them, determine the frequency resolution of system 10. 
[0019] The magnitudes and phases of the transfer functions of the two filters used to 

detect, for example, a 900-Hz signal are illustrated in Fig. 3. The filter frequencies can be 
derived analytically for a given filter transfer function and are selected to be above and below 
the phase-opponency frequency by a predetermined amount while differing by 180 degrees at 
the phase-opponency frequency. For example, the use of between 30 to 60 filters in filterbank 
20, where each successive filter is 90-degrees out of phase, support a sufficient number of 
phase-opponency frequencies to filter noise from an average wideband audio signal. 
[0020] The outputs from filterbank 20 are followed by a saturating non-linearity 

component 22 which removes the effects of input amplitude and allows the detection stage to 
rely solely on temporal information rather than magnitude. Saturating non-linearity 
component 22 creates a signal output that goes no higher than +1 and no lower than -1. For 
any positive value on the input, the output is set to +1 and for any negative input, the output is 
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-1. Thus, after saturating nonlinearity component 22, the signal is dominated by +1, -1 and 
the zero crossings, and is no longer affected by changes in the signal energy. As a result of 
saturating non-linearity component 22, the timing of the zero crossings is determined by 
positive and negative fluctuations in the input and the frequency and phase information is all 
that passes. Saturating non-linearity component 22 can be accomplished by a simple circuit, 
such as a very high-gain amplifier followed by a pair of limiters (e.g. a diode circuit), or by 
software programmed with a signum function. 

[0021] The saturated outputs of filterbank 20 are then subject to a running cross- 

correlation 24, which indicates the presence of a narrowband signal near the phase-opponency 
frequency by a decrease in the results of running cross-correlation 24. Running cross- 
correlation 24 begins by comparing pairs of the saturated non-linearity component 22 outputs 
of filterbank 20 with cross-correlators 26 to measure the correlation of the cross-compared 
outputs as a function of time. Cross-correlator 26 can comprise a programmed software 
function, a multiplier, or modulator circuit designed from transistor circuitry. 
[0022] The second stage of running cross-correlation 24 involves passing the output 

of the cross-correlators 26 through a series of low-pass filters 28 having a cut-off frequency 
that sets the integration time of running cross-correlator 24. Low-pass filters 28 smooth the 
output of cross-correlator 26 over time. The outputs of low-pass filters 28 at any one point in 
time depend on recent history (based on the comer frequency of low-pass filters 28), as 
opposed to only on the input at that moment. 

[0023] In the presence of wideband noise only, the responses of the two filters whose 

output is subject to running cross-correlation 24 will be partially correlated, due to the 
frequency overlap in each pair of filters 20. In response to a wideband signal that contains a 
narrowband signal at the phase-opponency frequency, the filters are drawn out-of-phase, 
resulting in a reduced response in the appropriate frequency channel of running cross- 
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correlator 24. Thus, detection of a narrowband signal(s) amidst wideband noise is determined 
when the output(s) of low-pass filter(s) 28 drops below a predetermined threshold. 
[0024] The time window of running cross-correlation 24 can vary with the center 

frequencies of particular filters in filterbank 20 that are cross-compared, such that lower 
frequency filter pairs perform the cross-correlation over a longer time than higher frequency 
pairs. The window size (or low-pass cutoff frequency 28) of running cross-correlator 24 
determines the response time of system 10 and may be adjusted based on the dynamics of the 
signals of interest. 

[0025] The frequency detection results from running cross-correlators 24 are used to 

calculate the gains 18 for use in the analysis-synthesis filterbank 16. As the presence of 
narrowband signals results in reduced responses of cross-correlators 24 that are comparing the 
phase opponent filters, gains 18 are set to a high value, e.g., one (1), when corresponding 
cross-correlators 24 return a low value, gains 18 are set to a low value, e.g., zero (0). As seen 
in Fig. 1, gains 18 are used by the analysis-synthesis filter bank 16 to control which frequency 
bands are attenuated and which are either allowed to pass or amplified. 
[0026] Analysis-synthesis filterbank 16 selectively attenuates noise components in 

wideband signal input 12, while preserving narrowband frequency components independently 
of any amplitude information in the input 12. As a result, system 10 can reduce noise in a 
wideband signal that has fluctuating amplitude without any resulting loss in effectiveness. 
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